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ABSTRACT 
A: ·study is made oY t·he effect of using negative 
.r\alce angles o.f 5°, 10°, 1 . .5°-, and 25°, with-·;·a constant 
clearance angle of 5°. This was accomplished by 
grinding. c __ orners of c·onve.ntional insert tooling to 
achieve the effective rake angle.s. listed above when 
they were inserted in conventional double negative · 
tool holders •. The results were inconclusive as to 
·, 
·specific geometry, but did- .show increasin.g. ne:gative: 
ralce angle·,~- _in the rartg:e: cJ.f 10:0 to 15° c·.art .cau.sf·e 
' 
rnanyfold ,it1c·r:eases in tool life, 
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INTRODUCTION 
The acade1nic wo·rld haf3 lo-ng_ ·be.eort a.ware of the uni-
versal properties· that are off:e:red by cera:mic tna terials. 
. ' ~ 
They are capable of withstat1di·ng extreme cornpressive 
load.s under a var·i.e:ty of te:rnperature dondi tions, and 
' ~' J 
di~s.p:lay rernarl~ab·l'e hardness. Equally we.II Jc:n·own are 
, 1 '; . . ' 
t:he- lirr1itat·ions Qf the cera1nic rnateri-al.s:. _T}rese are 
J.is brittleness and comparatively low tensile strength. 
L.-ilr~ :a1.·1 e:ngineering 1naterials, a cerarn,i·c ·must be used 
in the performance envelope that suits its properties 
-
tYes:t·. 
The. 'concept of u.s.·ing· ~ cer:a1n.ic= .cu:-tt:ing · t·o.·o:l ·g.oe·s· · 
'b~o)c ··to: _Egypti&rl':~:ar-ti:·s:i·ans: :2_5 centuries b:efore C:h.r·i.st/ •. 
·Th:e: · ''·c.era:1n.ic" in qt.re:1~.tion was fl.int, as opposed. to· 
aluminum Oxide, but there i.s a more important point. 
The Egyptians were aware o.f the increased tool life, 
. . - - . - -. . .. •_ -- .. ,,_ ··- . .. .. 
tha.t was achieved by the use of a negative. rake angle. 
Their concern was- with. brealcing the- t.ool as: opposed to 
wear. wi·th the ·passing of tirne ·this·: proble1n- hasn't 
really chttnged that rnuch. The c .. oncep-t o.f alu1ninum 
oxide tools was conceived in l.905and pa.tented by 1912ft) 
The "discovery", or perhaps better stated,· the redis-
covery of negative geometry followed shoitly 
··thereafter. 
.,,_. 
l. 
I.C \ o,·- •. :.:,-· .. • • 
•.. :.; ;: ~:: 
• I 
- .. ·i 
·;.,. 
·, . 
'. '·· :i 
. •. 
The: nature of thj~s _negative geometry had not changed __ -
I®Ch since its conception. There were a vari~ty of 
shapes and sizes of tools and holders, but as :is the case 
with most technology, few people strayed very far fro1n 
·the conventional methods of preparing geomet~y. 
· The first re.al breal{ from the conventional· ca.me when 
Moore and Kibbey of Ohio State proposed. the use of edge 
. . - . . ·- ( 'L) :- o· 
lands in .1.75?. 'This ·pr·o·cedure is t;o.day· generally found 
u:sEtful on steel and b.eavier feeds of cast iron. A flat 
., land ·width. of ·5.0 - 8:0% of the feed at 45° - 60° to the 
to.p ·of the tool has bee.:n f·ound most s~tisfactory • 
. , 
The next step along these lfne·:s was by Wheilden and 
(3) 
Baines. They produced a round e.d'ge' la:nd on tools by 
barrel tu-rrtbling in .~n abrasive rnediu1n. 'I'h·.is: was also 
- found. to increase tool life re~arkedly. _ 
,• 
' 
The next advance came from H. J. Siekmann in 1759_(") 
At that time he was working for the General Electric 
Co1npany and becarne concerned with the machining of 
hardened. bearing races. Mr. Siekmann used :conventional 
tool holders that had 5° negative geometry incor~orated 
in them ahd came up with the novel idea of grinding a 
special· negative geometry on the tools. His idea was 
not at all unlike that which is being considered in 
this expe:-fi1nent, and can be understood by referring_ to. 
"" Fig.. 1. On his round ·insert he used an angle of 25:o· 
.-. . -fj·; 
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I, 
.ground on the insert::,. and .o'n. a variation o:f a .. rectangu-
lar insert af 30° td 35° angle ·was used. The results 
l; •'t, 
· which Mr. Siek·mann reported were very encouraging. He ·' -
-
'. / re..ported t1nprove.d tool -life with no surface da1nage, 
and no su.rface roughness difficulti.e·s.. Hi.s· o·nl·Y reser~ 
.· va.tion was t.he ·severe· cra·cking an'd chipp.ing of the tool 
--and t·h·e- ·e_:,ffe-cts this h·ad: _o:n. ch·ip flow arrd cutting 
-
:forces, Note should be rn~1:de here tha.t .al thoug.h t.he. 
·tools were severely; drunaged no.product requirements of 
i di~ension, surface finish, or su~fice integrity were 
The next attempt ~t this was made by F~ Q. Bagley (s*) 
i::n 1961. The too·l he used was identical to the one 
:u.s.ed in· this .efxpe:t":·irnent, with. the excepti·o·n_. t·hat the 
a·ngle ground on to. t_he corners was 45°. ·Th_.is tool was 
ther1. plac·ed in a :ct,nve·ntional 5° nega·t.i.ve holcier. He 
was: :able to achieve as: :high as 50 -rninute tool life at 
·v=40·0 f=. 005 and d=. 0.30 w-hen· cutting hardened stee.l at· 
R0 =·62. As with Sielc1nann his point of elation was in 
the simultaneous increase in too! life an~~~etal re-
mova\rates. 
There is needless- to say a great deal of void be-
tween the negative geometries that have been tried, The 
conventional inserts sacrifice strength and support by 
use of a large negative· ralce angle because it necess.i-
4. 
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ta·.t·e0s: ·e·qually·· la~ge clearance angles.· The geometries 
·, 
,. 
tJ1at have been tried ·1n an effort ·to relieve this pro-
, blein · .have: c.o.me in the f orrn: 
ralce 
rake 
4o0 ralre 
l 5'c~ clearance 
·5o clearance 
5° clearance 
Since the closest of -th.e·:s:e t:o the convent·ional 
tool geo1netry is 30° it :ca.n: obvi9usly ·b.e s:een: that · 
'there is a great deal of unexatnined .ge·o:me .. tries between 
the current practices and these racti·cal new ideas. It 
is in an atternpt to exa1nine so1ne of tnese areas that 
this experiment was conceived. 
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•. EXPERIMENTAL-PROCEDURE 
. 
- . The probl~m which tbis experiment ~as -intended to 
·deal with is that of des·igning cerarnic tooling to take 
.-. f:ull advantage o.f tl1e ·pro·perties that _ ce·ramic m:aterials 
possess. 
Ceramic tools can- -1riai.nt:ain strength properties o·f 
- . , ' _, 
·roo1n temperature· ·up t-o almost· 1300°c. This allows .for 
·their use in high .ternperature conditions. The· proper-
ties of ceramic tools are considered different than 
those of their carbide predecessors, as can be seen 
below: 
Mechanical Properties 
Hardness Rockwell A 
Transverse Rupture 
Strength 
Compressive Strength 
Young's Modulus 
Cera1nic 
94.o 
90Xl o3 
45XlO) 
6ox106 
w C 
92.0 
225x103 .. psi 
4oox1gJ • . psi 
77Xl0 • psi 
These are typical ·values for today's c_eramic tools. 
It· is ~bvious that their strongest asset is compressive 
strength.·. T.h.e object of this work is to explore possi-
ble methods of designing tool geometry so that the loads 
placed on the. tool· are either predo1ninately or totally . 
compressive. Since the main cause of catastrophic tool 
failure occurs at the ~nsupported tip of the tool it: 
was thought that this would be a good place to_ begin. 
Negative rake angles are. used as a ·general tec.hnique to 
6 . 
• 
I • ..... .. 
,, 
!. : 
•. 
~ 
take advantage of ·t·he hig·h- co1npressive strengths. Th'e.-. 
lirni tati_on on this has be-en that extending the tip 
causes f~ilure in the place where the ·support of the 
tool;stops. The most promising thrust has been in 
the direction of· highly negative ralce angle tools . t.l).a'.t. 
" 
are fully supported. This is most easily accomplished 
by the use of conventional 5° negative tools with the 
.excessive rake angle ground in the tool insert itself. 
As mentioned earlier there has been some success 
achieved in the use of excessive negative rake tooling. 
This success, however, is of only isolated· geometries. 
The use of any lcind of thorough rnat·r:ix to atte1npt to 
identify the geo1netry that was 1nos·t desirable had not 
yet been attempted. It was to this end that this ex-
,perimental procedure was directed. The matrix that 
was dhosen is shown in ·Fig. 2. 
The tools that were used ·were VR-97, designation 
// 
"In1anufactured by V/R Wesson. The//ieometry was SNG-433. 
// 
A total of four different ge()metries were tried. The 
/// 
control geometry was that,//·as manufactured and described 
. // 
above. Three addi tiop.il geometries were 1nanufactured / 
. / 
/ in the lab. Th~ V_R-97 tools·as received frorn V/R 
Wesson were gro~nd on-the corners to angles of 5°, 10°. 
. 0 . 
and 20 • (See Fig. 1.) 
() 
a ~ 
·. These three angles were selected as an arithmetic 
..•, 
r 
.. . ;;· 
•. 
' •
.t.. 
-:·"M""! 
; .... -
·• 
•; 
EFFECTIVE CUTTING CONDITIONS RAKE ANGLE 
' . 
5 
ROUGHING 
10 ' 
V·=l'OOO 
' 
15 f~.tt 010.2 d=.·07·:5: 
,, 
20 
~-.-
5 FINISHING 
10 
·v=?50 
f==.006 
15 d=,050 
20 
' .. ' 
. 
Fig~re .2 - EXPERIMENTAL MATRIX 
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REPETITIONS 
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progression. . 'It was thoµ.gh:t. that the '.m .. ost· successful 
' . 
'"r- .. 
angle would be relati vel:y :s·tnall, so· we desired to have 
a higher density o.f trials: a1r1o·r1g t'he- srnall angles as· 
:an att.em:p·.t. to lo-cate. the best geoJnetry as close·ly· a'S 
po'ssible wi t[lout sacrificing the overall gen.erali ty 0£ 
the search matrix. 
The ground surface of these three types of auxi-
.1-ary negative· .ralce angle tools was not of c.01n·parable 
'.q:ttality to t.)t:e.· p·o.lish-ed surface of the original to.Qlff. 
This was necessit·ated by the econo.m.-ies of the: si··tu·a:-
·t·ion. Estirnate-s :were ta~en for·. the cost of ,having· 
these tools 1na-nu.factured to tn:e· des ired· spe·cif . tca:tions, 
·' 
and. t-he c~·osts were not consid_er'ed justified ·b,y th.$ 
,ad·ct,ed. iC:on.sistency ·that it V/'o.ul.d i.rn:part ·t·o. t.he data., 
:An .alte·rnate procedure of. 100_%' insp:ec-·t.i·o:n: wa:s. decided 
upon. 
'. All tb.e ·to·O'lS that were ground. i·n the lab were 
, 
,, 
d,.o.ne on a Brown & Sharpe cutter and tool grinding ma-
chine, MODEL NO. lON. The wheel used was a Bay State 
6D2801T4BB 1/8 Resinoid t·w-o diamond wheel, cutting at 
:.1425 R.P.M. and hand fe_q.·.at :about .·0002 per pass. The 
tbol surface was ~onsistantly ground to 1/8" from the 
nose of the corner as shown in ~ig. 1. All the tools 
1t1e:ldifiect in this way display~d chip-out at. tr.ie _ edges, 
a-p.d poor surface quality on the modified surface. An 
··,,' 
.. 
-. 
.. 
- I 
--·- -
:1· 
,,· 
·• inspe,cti.o·n. ·Was inade of a.11. the· t:·o.:ols, rnca:nu.f:actttr:e_:·ct, ·t·o 
·i:s·,olcfte for use only thb·:se. tha·t. · ai·a .. not· di .. Elplay v·is:i·-
-b:le· tthip-out in the are:a o.f the· .. nose radius. T-h·.:i:s 
I. 
I 
· i.n:sJ>ectioni was :pe.rforrn.ed: :on a. Ba·usch and LauJnb rn-ic·ttj·-
.rnete·r .bas:e rn·icroscope at· .3·ox -rn~gnif:ication. · All t.otil'S· 
.:w~·:r.,e v.·i.:e:wed ,norrnal to t.he or.igin~l to.p sur:fac-e for· 
~ttr·pos·ets of deterrni·ni·ng t-he_ l:o-cat.iort Qf c::h.:_i.p-C>"ut:s .• 
'T.he chipped .ciilt ·areas we.re 'ran.dotnly. :distr·ibu_ted .. a-
.r-ound the edge of t.:h:e -:grou_nd. surf:ace, Fig. 3 shows a 
typical tool t,x1;a:t vrou·lct be. re je-cted. · Fig. 4 ; shows a 
. ,;;" . . ... · ' •.: 
typical tool th·a.t , woiild n.av:.e ·r}een used. The c:r .. i t·e.·ri·a 
:f·:o:r· us,e was that· the c-hip-.cJut. no·t b•e 'irt a positio·n 
tha·t would all ow the1n ·to. :--aff.eCi) s.tir:fac.e finish. 
These four set.$ :Of tools (:co.nve:ntional, 5° grou,nd. 
angle, 10° gro·unci angie, and 2.·0:0 :gr:ound, angle) we-.r,e. 
all used in a: ·co··nventiqnal s:c_r,ew lock tool holder 
with a de,sigri~ .. cl 5,0 neg·ative ralce,: .Th,i.s ca.,used the 
-
,effe.c··t'i,te nega/ttve r·aJt.e angle to be 5. 0 .. ,. 10°, 15°, and 
2.·.5:0 .r~~·pec:t,i,ve.1.-y · for ±he four t,ypes of tools. In all 
-c~ses the other, tool ang_l~$ were:· X, X, 15, 15, 5·, 5, 
~nd J/64". 
Two independ,ent experiments were run for the pur-
p_ose of ev~luating the tools. In one case, ·wh:ich was 
intended: t·o si1nttlate .a fini~hi-ng. ·c.u.t,; · the cutting con-
~ ' : : 
di·t·i·ons were as· f:ollows: Speed o·r :1.·00-q SFPM, at a 
10. 
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in ..•. ·• ·. :O:r1.e ·of each of the .f·our geometrie·s· were run -in 
r·ando1n· :.order. This. pro:ce-dure· was repeated three times 
s:o tha:t.. a total of 1.2 -e·d.ge,s· were used, three of each 
:,type .• ,For e.::a.ch: cut the- c:.e:1'1t:er .height wa.s set _fo'r_the 
e:nd :of t·he, ground co.rner.··, so four different eleva~ 
ti-.o-ris- :o,f the.: t-o.o:L ·h .. o·l.ci.~:r were r·equired. The ···tools were 
. ' . . . 
·rtfn. fo:r ·c-.c,·n·se·.c.u.t'-·ive- tw,o: 1ninute in·tervals µn·ti·l, failure 
oc:.cl1red. At· the end ,.o:f e'i:1.ch: two rnin.u.te.:s the, -s·ur·face 
··. roughne.:s·_s of the wor~.p_ie.ce_ ·was taJce·n-, a.nd ·t·he average 
,. ,-,~. ., 
.. 
:1e·,ad-i-r1g f·lanl{ wear of the· to-oJ~. was als:o. measured. The: 
f-or-· t,he ·t:nit:ial inspectio·n. of the tools and the ·.sur .. f·ac:.e· 
t'.J)':Ugh:r1~s·:s: }neasurements Vier~ rnade with a Br:u .. sn su.rfi.no.i-~ 
c:.a~or:e: ,:c--f· the tool was so severely ch·i-l?Peo. ;tJtat ·fl.·anl< 
.wear 1neasur.e1nent was i1npossible, then th_j_s fact :was: 
1nerely noted on the data sheet in lieu of a reading. 
The criteria that was used to determine failure was one 
, ' 
of two. If either the surface roughness exceeded 63 
pip. or there was any visible d_i·scontinuous di1nen-.. 
sional change in the ·work pie·-c~e as, ~. result·. of the 
or·e·aJci:ng off of th.e nose -of· th:.e tool. Craclced, chi_pped, 
o-r :s-hattered tool.s were continued to be run until one 
o .. f these· failure criteria was met. 
13 • 
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.f·ashion as the f.i.rst.. The -c,,n1·y differences were that· 
,·t.he cutti.ng conditions wer·e inten·ded to. simulate a 
·ro4.ghit1.g -c.u:t, -~-hd consequ~nt.1y· ,o,nly· ·d:i1nensional chan-g.e 
·' ' ' . ". 
.. 
and not :surfac.'e· roug:ffness was used as a· failure cri-· 
teria~ The cutting ·bonditions were: ·speed of 
750 SFPM, depth of cut of .075 .. in., and feed of 
~0102 in. per. ·rev •• 
In the case of both exper.i1nen:ts. t.h_e cu:tting was 
:qqfi~: ,-on- a Lebl..o.ncl lo'' )1-e:avy ·d.uty· latn.e . .- T:he surface 
•. 
' .. -, -,- ; ~-. 
spe::e'd. vta-s- :ap_p.r·o)(i.tn:~te:d by·· iih'e cJo$.est= av·etilable gear, 
and ·genera.1.·1y va-rj~ed ·by·· no 1nor·e ·than 10%. The ·1naterial 
was 4340 he:·at.,treate:4 ste·e_l ~tRc~35.37). All: ·c-ut.s w.ere 
rnade from· Par:.s· :o:.f .a .. :c_:o:rnm:.o.n he:a·t. -and reasonably consis-
tent cros·s.· :s:·e.ct:i.'bt1al .ha,.rdness -.. ( See Appendix: A,) The ... 
surfa.ce scale was reinove"Ci pr·ior t·o rnaking th.e -data cuts, 
.e:irid: ·the bars were use·=d o.nly until chatter beca1ne detect-
Etble. At this poi:rit the last few data values were 
discarded and t~k.-en over again on a new bar. 
··.;;-I ., 
...... · ··. 
J: 
·-·-., .. _,-·,-~·-· 
. . 
.. • . 
RESULTS 
·-The results of these experiments were extremely 
e-ncouraging,· · The clearest picture of the reason for 
e,Iation can be seen by glancing at -Fi:gures 5 an·d 6:. · The-
fi.rst th:ing· that shoul:d b.e -noticed about this_ data i.s: · 
'_t:h:,e .co11s:ist·e:nC:Y of the - three· observations in· ~a.en _of· th,e 
:CoJrvent'io,na.i .centra.l groups. There is .l.ititl·e d.o.ubt_: as . 
t-o the lirni,ts of tool i.i.fe witti conve_ntional to.cling • 
. ~-.~ • .. ; 
. _:~h$·1?e· -a.re- t.hre-,_e-- O:r ,p·o-_S:'Sl_bly· four va·l_u.es that we.re frorn 
t:h-e 1n:acihi·nirtg, w:f>th. t:he·: unusual geoinetrie·-s froth- which all 
the: opt.irnis-1n wa.$ derived. As was di.scussed under experi_-
"In':e:nt:al procedure there -w-as a severe . probl-·ern with the_ 
.:quality of our unusual geo1netry tools. This: ·problem 
:was relieved by inspection, but far from t!-:l_im_inated, The 
thermal cycling, and uneven edge -that wa.s associated 
with the "hotne-made" tools w_o-ul:d· m·alre one ·w·o:1:1der now 
t .. hey could worlc at all. An exarni_na.t:-ion· will now- be made 
---_..-.~o:f- ,bow t.ney :dfd work. 
. T.he -s.even unusual too:ls t·h--a.t: f:aiied ,e-arli·e:r th-an 
~ 
. 
any of t-h:e conventional to.o-l--s -pose no diffic·ulty to :th-e 
analyst. ·These are ind-ic.at:e-d 1?-Y :sq_uares at the top· o·f 
the data 1-ines. There are a host of explanations why 
' t:hes.e -- t·ools could have faile;d ·so early that have no-
-.. 1#, 
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th±ng to do with geometry. The inspector could have 
l: 1n:i.ssed a chip on the nose radius. The opera tor could 
.. ha:ve· inserted a faulty edge as opposed to an inspected 
.. 
,good one. There could have· b.e .. en therJnal or fracture 
craclcs on the nose radius tt:tat were J:ust short of . 
· suffici:ent, size to allow a c·hip-cu.t:... Th,e :fact that so· 
" 1nany tools. :fai:led so qu.i-c]cj..y -does not conc:e_rn anyone 
aware of ·the ·s·i:·tU.rt7ti.c,n. ·:The .conv~ntiona.l t:o.ol•s appeare:d 
to b~. wor-n in. a ·u-su.al rna-nner as shown in '.Fig.. ·?. · T-he 
t·ools· t·h:at were ground :i.n t:he lab were: ,s-.eve·r·:ely worn. on .. 
t-hJ~ c-r:ater area, and ba.dly -cl\i.pped. An exarnp·le of t:his 
i~, shown in Fig. 8. 
-W-hat · is of gr.e_at co.·ncern are t·he th·r.e:e 'Val.ue:s: 
·that are top.·ped: b.y the "X'' encl-osed in a circle) a·nd 
possibly the one val~e topped by the ·"X" alone. There 
is no possible ·way that a conventional tool could have 
lasted this long under similar· test condi ti(i.n.·s ,, Wtrat 
is of concern to us.e aFe the things t-hat w:e_.r,e ,ac:cid-e·nt--. 
' ly do.rte right with these tools. 
There is no justification for decla·r.ing: t:hat. any 
:d:i-f·fi.ni·t.ive results as to th.e optirnurn t-_ool an·g:le na.v~ 
·been a.c·hieved. One would be t.ernpte:d t;-:o assurne ·that it: 
lay i.n· the vicinity of 5° and 10°_,·, b·ut that argurnent 
· ... cannot be justified from thi:s· data. The - reason for re-
~·-'::.. .•. ~· 
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. ----~-·-luota:nc.e to rnake any such claim. is because of the same 
l-o:gi.c by which the low values were discarded. One can 
' 
,ti:ot i·n good fai t-h disregard extrernely low values because 
.qf large experim~ntal error and then ih the same breath 
:Say ·that the hi.·gh values observ·~<f? re_pr·es:ent all those 
t,ha't· will .ocicµ:r on sun.sequen·t test·s.. w·.hat bas ·bee:n 
_proved. o·ey-c>:nd ~t $:··hadow' of·-·-doubt' is· th~t g'eome.tr:·ie:s. or· 
:-n.~ga·t·ive ·ralce. an·ct normal. clear·nac.•e an·g1e·s can hav·e 
r,rt~:rlced: i1np.rov·ernent 'in :tool 1 ife with 1 i ttl.e chatrge: in 
·t·he neg:a·t.i:vtty .o .. f tn,e· ralre; angle. That is ·as f·ar a:s:· 
:on.e :can go· -.in· -rn-a.Jtlng: ,¢·lai.rns ·about t.he d:at.}1 .so far .ga-· 
t.h.ered. ~·n ·at;tern:pt· was- made t·o s·h:ow that t.h·:es:e· re·sul ts 
ctoul.d: be: quantified by· 'u·se of an an:a1y·s.i·s, o·f variance. 
· An attempt was mad.e ·to show a significan,t .d .. i.:f-ference 
b.etween the tool lif:.e ·of the four typ·es of to:ois • 
.. 
;The large variance a:_sso<c,i.ated with the unusual tcJ"o·l;"$ 
·c·au·se:d t·his tec.l1-:n,i,qJ1~ _ to b.e·: .in,c::onc·lus·i ve. 
There are ... s·e:v_efa,l .. ,piec·es.: o:f ·actd:i tional inforrna-
t:i.oh .about the ·cu.ts th.at· wer~ perfo,rine·:.d. t·ha-'t should be 
.i/nclu:de-.d. in tli:e discussion. o,f· results. The ·f:bremos:t- :of· 
thes.e is the p:rohlem of ,chips. Shermann (l) mentioned 
-·· .,. t:hat. th.e oh,ips :h·e ·. cibserved were discontinuoqs a,r1d 1nol-
~ 
ten, and that the operator required· pr,otection. The 
sarne results were not observed in t:t1e conduct of t:h.is. 
j. 
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, .-~-x-periment. 'l;he., -.c-bi_ps t·h·a:t W(a·re: :obs-,erved: ,rartged frorn 
t:l\e ·discontinuous·, 1no-1·t..e-n one_s obse,rved by· Sh,ermann to 
,co:ntinuous: s._o:ft·ene.d c.hi<ps. that --.. e.xtended in-. a _li:ne·a:r 
,. 
vertical .pa·t·h o:·f·t .. en as .. h.i=gh .a_s t·.hree feet in·t.o t:he: 
.. 
air and then returned to ,ear·th -w.:ith randoJn di-.:rec:-e::io.n. 
wanderings. In between t_he--se.: tw.o extrernes wer:e long 
. · brolcen and tightly wound e.-o.n.ti.nuo'*~----chip.s. The portion 
of· this whicn i$: _perhcrps. rnos-t: intriguing· is the fact 
that there w~s :rfo· co·.nsistenc:y of these chi .. ps:_ ·w·i t·h. tool 
wear. They appea-r~.o. i-n· a totally randorn fashion fot' 
random periods of time, and there was no set order 
thr:ough which the:y appeared to ·progress. The only ex-
pl_:anat·ion· of this to be offer:e·o. is in the- _i_mtnense irre-
,. 
gµJ.a:ri ty· of th·e: t.o::oI.s. ,: It is hoped. tha·t t-his> problern 
wi·1i l1e_¢otne- trto.re. c.0 .. 1\$,istent, becaus~ .as·: it:"· appeared in 
•• J . ' ., ..•. -·~ . ; 
·these -t·ests it WOl1-ld. pose an almost ins-u·rtrrot1ntable 
.. 
_pr.oble.Jn i.n the des·i.gn of· ch .. ip breal{er-s •. 
··--An·ot her i tern tnat :·sho.·uld be rnade s:pe:ctial note of 
:is·: the appearance o.f --tJ1e tools during t;he· failure pro-
·c.ess. __ • A notable example of the phenorn.e.-nc1 I wish to 
·1n'a]ce: rnention of occured in the roughing .5'? tool that 
lasted 24 -minutes. Afte·r six rninutes of cutting ti·me 
·there appeared visible cracks around the worn cutting 
adge. These cracks formed into a continuous cleavage 
surface over the next four minutes~ The subsequent 
·22. 
--
c.~tting c.aus.e.-d ·the·· c.r-ack: pr.o_p.o.gati.0n t:o c·ctn:.t.i·nue until 
the entire tool was a lattice of ;cra.c_k:-S'• When failure 
. . . . . . .~ 
finally occured it ·was·, in a, rna.nner tha·t left the en-
t..i·re tool in fine· irregular·ly -shaped pieces approxi-
:rriat-ely one-tenth .the size of the original tool, as 
s·h-.c1wn in Fig. 9 • 
Atiother ph.e::n.o·rn.e.n.a ·tn·at occ·.11:red -af1nost, wi thou.t .e:x ... -. 
cep-tion was that o-f· :t·oo:is- :=failing ·o.:n the ·be_gin-ning ·o·f· 
the cut. It was almo·st t·he rule that one would sto.P t:he 
d~t to find the tool Shattered and dismembered, but.the 
surface finish and di1nensions q.uit.e good. There was 
a·ls-cJ ei tl.ier -wear evidence ·on th:e ·t:0·01 or sound changes 
:·' 
.d.u.ring the preceeding .c-ut to indicate_ th·a..t. -t·h·e tool had 
b.een cutting in th:i:-e .configuration t·o_r ·q-uit·_e·· :s_-01ne time. 
:upo1~1 attempting to- restart ,the cu:t'.t·.i:ng, tfrese t:o·ol·s 
'f/Ould invariably break. The que'stion that can logically 
.be·. raised, and is l·e.ft for future research: is ·that_ ·o.f 
h.ow long ·these too·1·-s would have been al)le to .malc-e 
g .. o.o<i _ products had· ·t.hey not be.e.n f:n·te-rrupted.:~. 
': •' ' "• I' '' ''· •.:_< ~,1 ::!·• I ·, ' • I. 
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CONCLUSION 
·1.. .Fr:t)trt ·t··hJ: .. s: work we. C?:n o.onc:·lvd,_.e: ·· t·ha:t· J~~.t-aJn1_c: ·t.o·.o-'ls 
.,c su:p:po.t'~.e-Q =by a 5 .. o. · c:lear-anc-¢. :a·n_gl·e· -c--aJi :he.lye signi-
f.:i·ca.ntly inGreas,ed tool 1·if'~ by th-e· tts·,e: of ral{e 
. . . ' 
.:a.ngles, .i.ncreased f,rorn ·t:he: n.or-rn~l. 5: 0 · ·t.o as little· 
1nore as I o·0· aDd J __ 5·o :•. 
•, 
.2 •· · The i1npor-t.anc:e .o·f care in th;e pre·:p·~~~t::j_o.n .qf 
-., :. ··-.· -
·t:q:ols ·o,f' this· t.ype has also bee.n·. -d.i$played. It 
.h~.s ·o~e.n. ·$h.own that relatively ininor imperfection·s 
i·n the edg~: a.nd flanlc surfaces .(}an. render them 
virtually u_$:$le·s.s .. i.n severe cµ:tt·ing condit:ign.s ..• 
. • 
.,. 
:2: . 5. 
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RECOMMENDATIONS 
There are se.v:eral: 001npromis-es ·.:hha·t; ·were: ·1nade 
for the sake ·o;f e.-c.;ortorny :i,:n conducting: t·hi.s. :e·xperi- . 
tnent. The re·$:ul t.s ·that w:e;re achieved: ·aefini tely are 
encouragi·n:g en·ough to Justify further work in the .· 
area:, S,'otn.e suggestions f.or the for1n that thi.s. work 
sh:ou·1.d:: t:alce· foll ow: 
'r.h·e variability of the· qµ_al·ity· ·o'.f the to-ol:s · 
used in ·this experiment should not ~e allowe·d tct 
·e:xi.st: in subsequent work. The ·totfls ( convent.i.crnal) 
o-f go-od surface quality had littl·e variation in life, 
···wheras those t.h~t were ground :in the lab ha.d i-1nrnense 
·va:r.i·abili ty. ·T·his data cannot be justified. to elimi-
nat:·e any geo1netries. ·rt is: therefore suggest:ed'. that 
t:he expe.:r·int$.-ht be rerun using a ·more cornplete tnatrix 
·of ar1gles· be·twe·en o0 and .20°. If· ·the ·too·l·s ·used are 
h~rt~d and polished, it shoijld be readily evident 
fr'OTn gathered data whe:re· th~ be·.st angle 1 ies. 
In so1ne applicati.on·s :ctttti.ng· tools are run for 
:rang periods with·ou:t. ·it1ter:ruptio·.n·. It is also sug-
:ge:sted that f.u·rth·er workers atteJnpt to run the tools 
·con:t.inuf):lly until failure occurs. -Alrnost invariably 
\. 
,ih th·i·S experi1nent tools failed when ini t.iating the 
/ 26. 
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ne:xt cut-• ;·-· . -There is :no t--elli11g· ,h·ow: lo.ng they would -· . -.·., . . ·--~·- . --·-· .. 
..; 
:h:ave lasted had the· .cut not be.en. s-:t:.opped. 
The effe-.ct. th·~t these angles .h.ave on cu·t:tin_g 
for·ces shou·ld --als:o. be examined. The use of th.:is. . . . . . . .. .. . . ' . 
type of tooling ~ay be restricted-to rigid machinery 
. ' 
·•. 
a:nd. W·orlc setups·, ·by virtue of t.he·, irtc·r·eas_e:d f·.orces. 
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Roughi-ng ___ :Cirt.s 
f=. 0102 ipr • 1n. 
25° Effective negative rake angle. 
Tiine 1st Repetition 2nd Repetition 3rd Re·peti tion 
(min) Flank Surface Flank Sufrface Flank Surface .~ Wear Finish/ Wear Finish Wear Finish (in) ( f ) · (in) ( f ) (in) ( f ') 
2 • OOL~ 5· 85 C. F • 105 • 0040 110 
·• 4 • 0055 6J 
.0052 105 
6 • 0060 6,5 .:Q, F • 9·0: ... ,(."._4_' 
s· 
• 0063 5:"0 
10· 0086 .lf.6 ·. :_ .. • . . . 
1·2 B.C. 5·0 .. • • :1 
. ' : 14 C. F • 6·.5 
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:15° E:ffecti ve negati·ve ralce angle. 
,. ~ ... 
Tirne 1st Repetition 2nd Repetition 3rd Repetition 
( 1nin) - Flanlc 
Wear 
(in) 
2 .0042 
.4 • ·0062 
6 C. F. 
. -· .. ,.;,;; 
t ,. 
Surface 
Finis·h 
( f') 
110 
100 
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Flanlc 
Wear 
(in) 
• 0049 
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10° .Effective negative ralte angle. 
\ 
Tirne 1st Repetition 2nd Repetition 3rd Repetition 
(min) Flank 
Wear 
(in) 
2 .0070 
4 ~0065 
6 B •. C. 
s· B.C •. 
10. B.C. 
· .12· 
.1:4 
·16 
: :18 
·2:0 
·:2·2 
'-· 
·"'· ,,-
Surface 
Finish 
( fl ) 
JO 
39 
·3.9: 
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Flanl{ 
Wear 
(in) 
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.0066 
• 0076 
• 0084 
• 0·085 
• 00:90· 
• 01 OJ 
• 011 5 
• 01 22· 
• 01 77 
C. F •. 
~34 •. 
Surface Flan1c ,Surface 
Finish Wear Finish ( /I ) (in) ( }I ) 
57 • 0051 110 
52 B.C. 100 
41 C. F • 9·5 
49 
.4·9 
:l~J 
~·-
-ti 0 ..... 
:5:3·· 
43· . . 
:6·4· 
,< 
4·2 
·._•. 
!: 
·, 
I·~ > 
- . ' ' 
I > 
., --
,¥ . 
"'(;, 
I 
I 
' 
">.'" ~ _ _- -···"·~-•· -·-.,v::';, ••...•• s_., ..,_, ____ _ 
. ,,' ........ =--
.. -
'V-:::I'l 5·0 S FPM f 0·102 . -=· _ 1pr_ d=.075 • in._ 
5° Effective negative rake angle. 
-Ti1ne 
(rnin) 
1st Repetition 2nd Repetition 3rd Repetition 
2 
4 
6 
-8: 
1:0 
! . 
I -1. I, 
Flanlc 
Wear 
(in) 
.0035 
B.C. 
B.C. 
B.C. 
C. F. 
Surface 
Finish 
(}I) 
90 
95 
s5: 
76 
6'6 
·- . ' 
- Fl-anlc 
·wear 
(in) . 
.0033 
C .·F. 
35. 
! .. 
_i 
Surface 
Finish 
( r' ) 
79 
,. 
66 
Flanlc 
-Wear 
(in). 
.0045 
B.C. 
B.C. 
' ' 
' ' 
Surface 
Finish ( /J) 
60 
5.2 
54-
. ·f· - .• '·_ ::'•"'14;~~f ·. ; 
. '~ . 
, 
·I 
'.'; ··' :' 
.• -1 
-
. ·Eini:Shi.ng· ·Cuts 
•1t,··· .. • 
5° Effective nega.tive ralce angle. 
Time 1st Repetition 2nd Repetition 3rd Repetition 
( 1nin) 
2 
:4 
·6 . ' 
·8 
1.;o· 
1::2: 
• ~; :'i 
Flank 
Wear 
(in) 
• 0042 
• 0055 
• 006·5 
• 0078 
B. C • 
. ·:· .. 
. l.. 
;, j 
Surface 
Finish ( /J ) 
23 
. z::6 
3.5 
3:8. 
·€r6 
FlanJc 
Wear 
(in) 
• 0051 
• 0066 
:•:.00:7'3 
B .c • 
B .c • 
B, C • 
36 • 
Surface· 
Finish 
( f) 
48 
:3;6 
.33 
39· .' •' . •. ' 
46 . ·.' 
6·o 
.. ~ .. 
Flanlc 
Wear 
(in) 
• 0045 
B .c • 
B • C • 
B .c • 
s·urface 
Finish 
( f) 
25 
. 4·5. 
·5 .. 6. 
63. 
i .. 
.. ·:·. ,,; . 
.., ,. . .. ~,,.. / .. 
"'r; 
·-. 
'>t:·.: .. ,- .. 
Ti1ne 
(1nin) 
2 
4 
6., 
8 
1:0 
1:2-,. 
·14 
1.6 
18 
. .•.. . -,., 
:,l 
• 
'. 
. ' . : · .. 
· f=. :0.06 .i·Pr 
·.. . ;, 
-
d=.050 • 1n. 
10° Effective negative rake angle, 
1st Repetition 2nd Repetition 3rd Repetition 
Flank 
Wear 
(in) 
.0054 
• 0079· . 
•. 00/85. 
: •. 0.1.0:·.2 
Surfac·e 
Finish ( f') 
4o 
34 
.·6.3: 
·.6:_3 
Flank Surface Flanlc 
Wear 
... 
. (in) 
• 0051 
• t)066 
·. Finish 
( f ) 
43 
125 
·1 ,.,,,.:; .. . : .. , .. 
:,.;, 
Wear 
(in) 
• 0061 . 
.0065 
• 0100· 
:.:·0.1:08 
• -r • ·•~ ,'-... 
B .• ·C. 
B.C. 
B.C. 
B.C. 
Surface 
Finish ( f) 
29 
27 . 
··:2·9 
·4-5 
55 
50' 
5·5 
63: 
.. · . 
I -
• 0 
< 
f_::: .:oo:6: ip.r · d-_, ·o·: .5:0_·. ·1·.:_·n•:······· ·•. . .. - ... · --:-. ·. 
t -· 
-150 Effective negative rake angle. 
Ti1ne 1st Repetition 2nd Repetition 3rd Repetition 
( rnin) Flanlc Surface Flanlc Surface Fl_a.nlc Surface 
· Wear _Fin_ish Wear Finish Wear Finish (in) ( ~) (in) ( t' ) (in) ( f) 
;{ 2 • 0047 42 • 0051 24 • 0074 125 i 
4 • 0060 38 • 0066 31 
6 • 0072 3.2 • 0084 3-7 
.. 
:a.-
• 0080 .34 • 0095 .3.5 
1:0~ • 0093 3:.5 • 0098 :41 
" 
l_:2i • 0106 ·4-5:: B . ·c. 4:-$.:. 
·.14 
•., - .. · • 01 JO 4::.5: B,C'..~ 7·7· 
1.6 • 0142. ,4·5 
,:····· 
1.8' 
•• 
01;4). 
_,s·2 
:·~:{J ,·:01.65 43 
:~f2: B • C • 45 
24 B C 15.0: ~. : .. :-,: ,• . • • 
': 
' ., ;8 . 
•• · _', :> 
'· . 
\ ·: 
--~ 
~ ... ,,t, .. ,, . .,.. . 
- · ............ ··s z------.. ---------·-·-- .. --. --- - -··- -·----- · ---·------- -- · · -.... ________ ,. ····-·-~er·· ... · ····"· ~·-·--,---~-- •· ·n·u ... ,c., 
' 
·~. < ~ : l 
.· .. 
.. 
. \ 
·-f" · -- (}0 6 1· ·p· ·r· · ·
. . . ·:-:--. ' : . .. . . .. . . - .· :_ . . .·. d=.050 • 1n • 
25° Effec·tive negative ralce angle. 
Time 1st Repetition 2nd Repetition 3rd Repetition 
( :rn i:n) Fl anlc 
Wear· 
(in) 
2 
4. 
"6< 
·8 
10 
•. 0046 
.0072 
.0086 
Surface 
Finish ( f) 
45 
68 
64 
,. 
Flanlc 
Wear 
(in) 
.0055 
•. 0073 
.-0076 
-.0096 
• 0098 
\.· . I • 
.39. 
Surface 
Finish ( f) 
42 
37 
4:):: 
5:9·· 
. •, . 
·,v-.~ 
Flanlc 
Wear 
(in) 
.0052 
B .C •. 
B.C • 
. . i 
Surface 
Finish 
( f ) 
38 
54 
:.5.5 
'7.5 
._,:-_·. 
-~ 
-· ,. ·-·· _,· ---
.. 
{ 
l 
J 
,, 
.. -ii. 
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